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Short-course preoperative radiotherapy (RT) is widely used in northern Europe for locally

advanced resectable rectal cancer, but its role in the era of advanced imaging techniques is

uncertain. Here, we reviewed articles and abstracts on SCRT published from 1974 through

2013  with the goal of identifying patients who might be best suited for short-course RT.

We  included relevant articles comparing surgery with or without preoperative radiation

published before and after the advent of total mesorectal excision. We  also analyzed

two randomized trials directly comparing short-course RT with conventionally fraction-

ated chemoradiation (the Polish Colorectal Study Group and the Trans-Tasman Radiation

Oncology Group) that compared short-course RT with conventional chemoradiotherapy. We

conclude from our review that short-course RT can be generally applied for operable rec-

tal  cancer and produces high rates of pelvic control with acceptable toxicity; it reduces

local  recurrence rates but does not increase overall survival. SCRT seems to be best used

for  tumors considered “low risk,” i.e., those that are >5 cm from the anal margin, with-

out  circumferential margin involvement, and involvement of fewer than 4 lymph nodes.

Whether sequential chemotherapy can further improve outcomes remains to be seen, as

does the best time for surgery (immediately or 6–8 weeks after RT). We  further recommend
ients
that  selection of pat
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1.  Background

The optimal treatment for rectal cancer that presents as
non-metastatic locally advanced disease remains a topic
of debate.1 Although the value of neoadjuvant treatment
that could render initially unresectable disease resectable is
clear, whether that treatment should be radiation therapy
(RT) alone or concurrent chemoradiation therapy remains
controversial.2,3 The 2013 guidelines of the U.S. National Com-
prehensive Cancer Network for the treatment of rectal cancer
(available at www.nncn.org) recommend preoperative therapy
consisting of RT with fluorouracil or capecitabine chemother-
apy for patients with clinical T3 N0 or any-T, N1-2 disease. The
other form of preoperative therapy, short-course RT, has been
validated by some European studies but is not recommended
in the NCCN guidelines. The European Society for Medical
Oncology (ESMO)4 describes two options for preoperative RT
for rectal cancer: (1) a standard dose of 45–50.4 Gy, given in 1.8-
to 2-Gy fractions, with concomitant use of fluoropyrimidines
followed 6–8 weeks later by radical surgery, which is more
commonly used in the United States and parts of Europe; and
(2) short-course RT to a total dose of 25 Gy in five 5-Gy fractions
over 1 week followed immediately by surgery (<10 days from
the first radiation fraction); this regimen is more  common in
northern Europe.5,6

We  sought here to review and update the literature on the
use of short-course RT for the treatment of rectal cancer and to
clarify which procedure is the most appropriate when disease
staging is based on findings from newer imaging techniques,
such as magnetic resonance imaging (MRI).7,8

2.  Comparisons  of  surgery  versus
neoadjuvant  RT  plus  surgery

2.1.  Radiation  dose

The dose and schedule of neoadjuvant RT, and the nature
of the surgery itself, for rectal cancer have evolved since its
earliest use in the 1970s. The first randomized comparison
of radiation alone versus radiation followed by surgery, pub-
lished by Stearns in 1974,9 used an RT dosage of 20 Gy given in
10 fractions of 2 Gy each. In that study, the addition of radiation
before surgery did not increase overall survival but did reduce
the rate of local recurrence. In 1975, the first results of a trial by
the Veterans Administration Surgical Oncology Group10 sug-
gested that preoperative RT to a dose of 20–25 Gy given in 10
fractions given over a 12-day period seemed to reduce both
local recurrence (LR) and distant metastasis compared with
surgery alone; however, those results could not be reproduced
in a second study by the same group.11 Similarly, a contempo-
raneous report of a large trial by the British Medical Research
Council found that preoperative RT given as a single 5-Gy dose
or as ten 2-Gy fractions did not affect LR, distant recurrence,
or overall survival (OS) relative to surgery alone,12 suggesting

that if preoperative RT is to be effective, the dose should be at
least 20 Gy. Indeed, a phase III study by the European Organiza-
tion for Research and Treatment on Cancer (EORTC) reported
by Gérard et al.13,14 showed that preoperative RT to a dose of
adiotherapy 2 0 ( 2 0 1 5 ) 1–11

34.5 Gy, given in 15 fractions over 19 days, did not significantly
improve OS, but it did led to marked reductions in LR. The
toxicity of this regimen was deemed acceptable, except when
it was given to elderly patients (age ≥ 70 years) or to patients
with pre-existing cardiovascular disease. The results of these
studies suggest that the RT dose to be given as preoperative
therapy should be at least 20 Gy.

2.2.  Randomized  comparisons  of  radiation  schedules

A 1990 report of a large multicenter trial conducted by the
Stockholm Rectal Cancer Study Group comparing an RT reg-
imen of 25 Gy to be given over 5–7 days (“short-course” RT)
versus surgery alone showed that at a median follow-up time
of 53 months, preoperative short-course RT led to lower LR
regardless of the stage of the tumor.15 However, again no dif-
ference was found among groups in distant control or OS.
Postoperative morbidity was noted to be higher in the pre-
operative RT group, as was postoperative mortality (8% RT vs.
2% no-RT, P < 0.01) (Tables 1 and 2).

Another report that same year from Uppsala University16

compared preoperative short-course RT (25.5 Gy given over a
1-week period) with conventionally fractionated postoperative
RT (60 Gy over 6–8 weeks) for rectal cancer. The LR rate was
lower for the group receiving preoperative RT (12% vs. 21%,
P = 0.02), but at a mean 6 years of follow-up, the OS rate was
no different between groups (42% vs. 38%, P = 0.5).

A subsequent study by the Stockholm Rectal Cancer Study
Group17–19 compared LR and OS for patients given surgery
alone versus short-course RT followed by surgery 7 days later.
The addition of preoperative RT led to a lower LR rate (12% vs.
27%, P < 0.001) and an improved 5-year OS rate (58% vs. 48%,
P = 0.004). However, this study has been criticized for imbal-
ances between groups (more patients with Dukes stage A and
B in the RT + surgery group, which the authors attributed to
downstaging after RT and for the “unacceptably high” LR rate
for Dukes stage A tumors in the surgery group).20 Indeed,
pathologic review of findings from another trial conducted in
the Netherlands (the Dutch TME + RT trial) revealed that short-
course RT did not result in tumor downstaging.21 To date, few,
if any, studies have replicated the finding of improved OS after
preoperative RT.22,23

2.3.  Randomized  studies  of  radiation  schedules  after
the standardization  of  total  mesorectal  excision

The recognition that involvement of the circumferential
resection margin (CRM) by tumor cells is important in LR
has led to the general use of total mesorectal excision (TME),
in which the entire mesorectum is enveloped and resected
by precise, sharp dissection. In the time since TME  became
the recommended surgical technique for extirpation of rectal
cancer,24–26 the question has been raised as to whether RT is
necessary when this technique is used. To address this ques-
tion, the Dutch Colorectal Cancer Group began a study in 1996
to compare surgery (TME) only with short-course preopera-

tive RT (5 Gy given over 5 days) followed by TME.22 A total of
1805 eligible patients were randomly assigned to one of the
two treatment groups; among the 1748 patients who under-
went a macroscopically complete local resection, the LR rate

dx.doi.org/10.1016/j.rpor.2014.06.003
http://www.nncn.org/
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Table 1 – Studies of preoperative radiation therapy conducted before the total mesorectal excision era.

Study and reference Total dose
(Gy)

No. of
fractions

Overall
survival

Local
recurrence

LR

Control
group

Experimental
group

Stearns, 19749 20 10 No Yes
VASOG I, 197510 20–25 12 Yes 37% 29%
VASOG II, 198611 31.5 18 No 22% 21%
EORTC, 198813,14 5/20 Unique/10 No No
Stockholm I, 199015 25 5 No Yes 28% 15%
Swedish Ia, 199016 25.5/60 7/30 No Yes
Swedish IIb, 199317,19 25 5 Yes Yes 27% 12%

Abbreviation: LR, local recurrence.
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Comparison of preoperative RT versus postoperative RT.
b Improvement in overall survival at 5 years only reached significanc

t 2 years was 5.3%. The 2-year LR rates differed significantly
ccording to treatment, being 2.4% in the RT plus surgery
roup and 8.2% in the surgery-only group (P < 0.001); however,
either the distant recurrence rate nor the OS rate were differ-
nt between groups. Outcomes among the group treated with
urgery only were compared with a subset of those from a
revious Dutch trial, the Cancer Recurrence and Blood Trans-
usion (CRAB) trial,27 to determine the effect of using TME
ersus conventional, non-standardized surgery for colorectal
ancer. That comparison showed that the use of TME led to
ubstantial reductions in LR rates at 2 years, from 16.6% in the
RAB trial versus 8.6% in the Dutch TME  study.28 These results
gree with an analysis from the Stockholm Colorectal Cancer
tudy Group29 comparing the Stockholm I and II randomized
rials (which involved conventional surgery with or without
T) and the so-called “TME project,” which involved the use
f TME  by surgeons who received training in the technique. In
hat analysis, the 2-year LR rates dropped from 14% to 15% for
onventional surgery to 6% for TME.

Longer-term follow-up for the Dutch TME trial23 showed
hat at a median 6 years of follow-up, the LR rates at 5 years for
atients who  had a macroscopically complete local resection
ere 5.6% among those receiving preoperative RT and 10.9%

or those receiving TME  alone (P < 0.001), but no difference was
ound in OS (5-year rates: 64.2% RT + TME  vs. 63.5% TME only,
 = 0.902). Subgroup analyses showed that the receipt of preop-
rative RT significantly reduced risk of LR among patients with
odal involvement, those with lesions 5–10 cm from the anal

Table 2 – Studies of preoperative radiotherapy conducted durin

Study and reference Total dose
(Gy)

No. of
fractions

Overa
surviv

Dutch, 200122 25 5 No 

Dutch, 2011a  30 25 5 No 

CR07, 2009b  36 25/45 5/25 No 

Abbreviation: LR, local recurrence.
a 10-year follow-up.
b Results showed that both local control and disease-free interval were po
hose patients with Dukes’ C stage disease.

verge, and those with uninvolved CRMs. At 12 years’ follow-
up,30 the 10-year LR rates had remained roughly the same for
each group (5% for RT + TME vs. 11% for TME  only, P ≤ 0.001),
but neither OS rates (56% vs. 57%) nor distant failure rates
(25% vs. 28%) differed between groups. Cancer-specific death
rates, however, were different according to treatment (17% for
the RT + TME group vs. 22% for the TME-only group, P = 0.04).
Other findings from this important trial include the influence
of TNM stage, tumor location, and CRM status: although RT
was not associated with an increase in OS overall, among
patients with stage III disease, tumors in the middle third of
the rectum, and negative CRMs, the receipt of RT + TME  led
to longer OS than the receipt of only TME. The investigators
concluded that RT can be most useful for patients with these
characteristics.

A subanalysis of acute side effects and surgical complica-
tions after RT + TME  in the Dutch study31 revealed very little
RT-related toxicity. Patients in the RT + TME  group lost slightly
more blood during surgery (100 mL)  than did the TME-only
group (P < 0.001) and had more  perineal complications in cases
requiring abdominoperineal resection (P = 0.008). Although
the total number of complications was slightly higher in
the RT + TME  group (P = 0.008), no differences were found in
postoperative mortality rates (4.0% v 3.3%) or in the num-
ber of reinterventions needed. Another analysis of long-term

functional outcomes from the Swedish Rectal Cancer Trial,32

however, indicated that RT after anterior resection may be
associated with more  bowel dysfunction and that this effect

g the total mesorectal excision era.

ll
al

Local
recurrence

LR

Control
group

Experimental
group

Yes 2.4% 8.2%
Yes 11% 5%
Yes 10.6% 4.4%

sitively affected by short-course radiation therapy.

dx.doi.org/10.1016/j.rpor.2014.06.003
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Another phase III trial by the German Rectal Cancer
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may persist for 5 years or more  after treatment. The authors of
that study concluded that predictors of LR should be sought so
that some patients who may not need RT can be successfully
treated without it.

The successor to the Dutch RT-TME trial, the PROCTOR
(“Pre-operative Radiotherapy and/or adjuvant Chemother-
apy combined with TME-surgery in Operable Rectal Cancer”)
study,33 sought to determine if adding adjuvant chemother-
apy after TME  or RT + TME  would provide any benefit in
terms of OS. Preliminary analysis of this trial showed that
chemotherapy consisting of fluorouracil and leucovorin given
for 6 months after treatment to patients with stage II or
III disease after a complete resection (R0) had no survival
benefit.34,35 A similar question was asked in the MRC  CR07
trial,36 which involved a comparison of preoperative short-
course RT followed 7 days later by surgery versus initial
surgery followed by postoperative chemoradiation (to 45 Gy
in 25 fractions with concurrent fluorouracil, with or without
leucovorin) for patients with residual tumor within ≤1 mm
of the CRM. In that study, preoperative RT was associated
with substantial reductions in risk of LR (relative reduction
61%, absolute difference at 3 years of 6.2%). Preoperative RT
was also associated with improved disease-free survival (rel-
ative reduction 24% and 6.0% absolute difference at 3 years).
Once again, however, OS did not differ between the two treat-
ment groups. The benefit from preoperative short-course RT
was similar regardless of the distance of the tumor from the
anal verge or the TNM stage, although the absolute differ-
ence in local control was worse for patients with stage III
disease. At 8 years of follow-up,37 the benefit in LR reduc-
tion was still present in the preoperative RT group, but by
that time no difference was apparent in disease-free survival
or in OS (5-year rates 73% vs. 73.8%). Multivariate analy-
sis indicated that the receipt of abdominoperineal resection,
the presence of extravascular invasion, and staging of
affected lymph nodes were statistically significant predictors
of LR.

In less than complete resections, involvement of the CRM is
a key predictor of LR and as such may be useful for identifying
patients who  may benefit from postoperative chemoradiation.
Adam and colleagues at the Centre for Digestive Disease at
Leeds (UK)38 showed that involvement of CRM (defined as
tumor located ≤1 mm from the CRM) conferred a higher risk
of LR and had a negative effect on OS.

A recent meta-analysis by the Cochrane Colorectal Can-
cer Group39 that included the CR07 and Dutch trials sought to
compare OS and LR after preoperative RT followed by surgery
versus surgery alone for patients with resectable stage II or
III locally advanced rectal cancer. In the five randomized con-
trolled trials (3211 patients) evaluated, the LR rate at 5 years
was significantly lower in the combined-therapy group com-
pared to surgery alone (P < 0.001), but no differences were
noted in disease-free survival or OS.40

Although the benefit in LR associated with preoperative RT
is clear, it should be noted that this treatment is also associ-
ated with higher morbidity, after the RT or after surgery, and
can affect bowel,41 small intestine, and sexual function.42 The
effects tend to vary depending on the RT dosage used, the type

of surgery, and the age of the patients. This topic is explored
further in Section 2.6.
adiotherapy 2 0 ( 2 0 1 5 ) 1–11

2.4.  Randomized  comparisons  of  short-course  RT
versus  chemoradiation  as  preoperative  therapy

To date, findings from two phase III studies, the French
FFCD 9203 and EORTC 22921 trials,43,44 have shown significant
reductions in LR from the use of preoperative short-course RT
compared with preoperative conventionally fractionated RT
given with fluorouracil and leucovorin. However, that experi-
ence has not been duplicated in other studies.

The two major studies to directly compare short-course RT
and long-course chemoradiation before surgery were done by
the Polish Colorectal Study Group45–47 and the Trans-Tasman
Radiation Oncology Group.48 In the Polish Group trial, 316
patients with T3 and T4 rectal carcinoma, without sphincter
infiltration, and whose lesions were accessible to digital rectal
examination were randomly assigned to receive either preop-
erative RT (25 Gy in five 5-Gy fractions) and surgery within 7
days or chemoradiation (50.4 Gy in 28 1.8-Gy fractions, with
bolus 5-fluorouracil and leucovorin) and surgery 4–6 weeks
later. The choice of surgical technique depended on the tumor
status at the time of surgery and was made at the discre-
tion of the surgeon. The initial report of this trial revealed
that although tumor size was 1.9 cm smaller after chemora-
diation than after short-course RT (P < 0.001), the sphincter
preservation rates were no different between groups (61% in
the RT group vs. 58% in the chemoradiation group, P = 0.57).45

A subsequent report indicated that at a median 4 years of
follow-up for patients alive at the time of analysis, chemoradi-
ation showed no advantage in terms of survival, local disease
control, or late-course toxicity compared with short-course
RT.47

The other direct comparison, conducted by the Trans-
Tasman Radiation Oncology Group,48 included 326 patients
with T3N0-2M0 disease (staged with endorectal ultrasono-
graphy or MRI) who were randomly assigned to either
short-course RT (5 fractions of 5 Gy each) followed immedi-
ately by surgery and then 6 cycles of adjuvant chemotherapy
or conventional chemoradiation (50.4 Gy given over 5.5 weeks
concurrently with continuous-infusion fluorouracil) followed
by surgery 4–6 weeks later and another 4 courses of
chemotherapy. At a mean follow-up time of 5.9 years and
with 163 patients per treatment group, the 3-year LR rates
were no different at 7.5% for the short-course RT group
vs. 4.4% for the chemoradiation group (P = 0.24). Chemora-
diation may have been more  effective at local control of
distal tumors (those <5 cm from the anal verge), but that
difference was chemoradiation group (P = 0.21). No differ-
ences were also found in rates of distant recurrence (27%
for short-course RT vs. 30% chemoradiation), OS at 5 years
(74% vs. 70%), or late grade 3–4 toxicity (5.8% vs. 8.2%).
The only baseline factor that independently predicted LR
in multivariate analysis was a high carcinoembryonic anti-
gen (CEA) level. In terms of post-treatment predictors, CRM
positivity, nodal positivity, and baseline CEA level all inde-
pendently predicted LR. However, the distance to the anal
margin, analyzed as a continuous variable, did not predict
LR.
Study Group (CAO/ARO/AIO-94)49,50 compared preoperative
chemoradiation with postoperative chemoradiation in 799

dx.doi.org/10.1016/j.rpor.2014.06.003
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atients and found that the preoperative therapy pro-
uced superior local control (10-year LR rates 7.1% vs.
0.1%, P = 0.048), but again, neither treatment was differ-
nt in terms of distant recurrence or OS. At 46 months’
ollow-up, preoperative chemoradiation was associated with
etter treatment compliance, toxicity, downstaging, sphinc-
er preservation (in patients judged by the surgeon to require
n abdominoperineal resection), and local control; by 11
ears, multivariate analysis showed that an incomplete local
esection, not receiving chemoradiation at all, stage III or IV
isease, and having surgery that included intersphincteric or
bdominoperineal resection were all associated with poorer
ocal control.

.5.  Ongoing  comparative  trials

hen this review was written, nine studies involving
hort-course RT were enrolling patients. These studies are
valuating the influence of several variables, including the
iming and extent of surgery and the use of various types of
hemotherapy, on standard outcomes such as local control,
istant control, and OS as well as toxicity, tumor response, and
uality of life.51 A few examples of such studies are described
riefly below.

A multicenter randomized study by the Berlin Cancer Soci-
ty group52 randomly assigned patients with T2 N+ or T3

ectal cancer to receive short-course RT followed by TME 5
ays later, or conventional-dose 50.4 Gy RT in 28 fractions
ith continuous-infusion fluorouracil, followed by surgery 5–6
eeks later. All patients were to receive 12 weeks of adjuvant

ontinuous-infusion fluorouracil, and all were to be followed
or up to 5 years. The hypothesis for this trial was that preop-
rative chemoradiation would be superior to short-course RT
n terms of local control at 5 years; secondary objectives were
ates of OS, disease-free survival, complete resection (R0) and
phincter preservation, and acute and late toxicity. Data from
his trial were to be subjected to an interim analysis in 2008,
ut no results had been published by the time this review was
ritten.

Another phase II multicenter, non-randomized trial53 is
valuating whether extending the interval between pre-
perative chemoradiation and TME, and giving additional
FOLFOX-6 chemotherapy during that period, will improve

umor response; other endpoints include toxicity and surgical
omplications. Preliminary analysis of 144 patients revealed
hat receipt of additional FOLFOX chemotherapy may have
mproved the tumor pathologic complete response rate (25%
s. 18%) and that chemoradiation-related toxicity and postop-
rative complications were comparable between groups.

A similar approach is being tested in the RAPIDO trial
NCT01558921; “Radiotherapy and Preoperative Induction
herapy followed by Dedicated Operation”),54 which was to
ave begun in June 2011. That multicenter study compares

wo preoperative regimens for locally advanced rectal cancer:
 weeks of standard chemoradiation (45 Gy in 25 1.8-Gy frac-

ions with capecitabine) followed 6 weeks later by TME; and
hort-course RT (5 fractions of 5 Gy each, given in 5 days) fol-
owed by six cycles of capecitabine and oxaliplatin, followed 6
eeks later by TME. Endpoints of this trial include disease-free
diotherapy 2 0 ( 2 0 1 5 ) 1–11 5

survival, OS, LR, toxicity, pathologic response rate, complete-
ness of resection, and quality of life.

Another ongoing trial, the PROCTOR study,33–35 was
designed to compare the effects of adding fluorouracil and
leucovorin chemotherapy after TME  or after RT + TME.

The U.S./Canadian cooperative group PROSPECT trial (“Pre-
operative Radiation or Selective Preoperative radiation and
Evaluation before Chemotherapy and TME”)55,56 is a phase
II/III randomized trial to evaluate the selective use of radia-
tion in contrast to consistent use in the neoadjuvant treatment
of locally advanced rectal cancer. Patients in the experimen-
tal group receive 6 cycles of FOLFOX chemotherapy followed
by restaging with MRI  or endoscopic ultrasonography. Those
who respond to this therapy go on to receive TME  followed
by postoperative systemic therapy. Those who  do not respond
to this therapy are given preoperative chemoradiation (with
fluorouracil or capecitabine) before surgery. Patients in the
control group receive standard long-course chemoradiation
(with fluorouracil or capecitabine) followed by TME  and adju-
vant systemic therapy.

2.6.  Toxicity  and  quality  of  life  after  short-course  RT  or
chemoradiation

Findings from the Dutch Colorectal Cancer Group trials30,31,46

suggest that the rate of total adverse events related to short-
course RT was 26%, but only 7% were of grade 2 or 3 severity.
Surgical mortality rates were 3.5% after RT + TME  versus 2.6%
for TME alone; the corresponding postoperative complication
rates were 48% versus 41%, with the difference attributed
mainly to differences in perineal wound healing. The frequen-
cies of bleeding and anastomotic leakage were comparable
between groups (13% and 11–12%). Notably, perineal wound
complications were more  common after abdominoperineal
resection in the group that received RT (29% vs. 18%, P = 0.008),
but no difference was found in abdominal wound complica-
tions.

The Canadian MRC CR07/NCIC CTC C016 trial36,37 also
included analyses of quality of life.42 All 1350 patients
were asked to complete the 38-item EORTC Quality of
Life Questionnaire-Colorectal questionnaire. Increased sexual
dysfunction was noted among men  immediately after surgery,
with a difference in treatment groups emerging at 6 months
and continuing on for up to 2 years. Fecal incontinence was
also more  common among patients who received short-course
RT.

The Polish Group study47 (Table 3) reported higher rates
of acute toxicity for patients who received chemoradiation
(18.2% vs. 3.2% who received short-course RT, P ≤ 0.001). Rates
of late toxicity were similar between groups at 10.1% versus
7.0% (P = 0.3). That same group compared long-term toxicity
in terms of sexual and anorectal function38 and found no
difference in rates of impairment between groups, though it
was noted that about two-thirds of all patients had reported
impairments in anorectal functions.

2.7.  Distribution  and  etiology  of  local  recurrences  after

treatment

The exact causes of local recurrence after resection of rec-
tal cancer are not well understood but may reflect surgical

dx.doi.org/10.1016/j.rpor.2014.06.003
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Table 3 – Randomized studies comparing short-course radiation therapy versus long-course chemoradiation therapy.

Studies, references, and treatment regimens

Polish Colorectal Cancer Group47 Trans-Tasman Radiation
Oncology Group48

Five 5-Gy
fractions + TME

50.4 Gy with 5FU
bolus + TME

Five 5-Gy
fractions + TME 6

cycles adj CT

50.4 Gy with 5FU
ci + TME  4 cycles

adj CT

No. of patients 155 157 163 163
Follow-up time (years) 4 5.9
Local failure rate 9% 14.2% 7.5% 4.4%
Disease-free survival rate 58% 55% 73% 70%
Overall survival rate 67% 62% 74% 70%
Grade 3–4 small or large bowel toxicity 3.2% 5.1%
Grade 3–4 late toxicity 10.1% 7.1% 5.8% 8.2%

Abbreviations:  5FU, fluorouracil; TME, total mesorectal excision; ci, continuous infusion; CT, chemotherapy.
techniques, tumor location, involvement of the CRM, tumor
biology, and other variables.57 Follow-up from the Dutch TME
trial reported in 201058 indicated that 114 LRs had occurred
among 1417 patients, 81 (11%) in the TME  group and 36 (4.6%)
in the short-course RT + TME  group. The mean time until diag-
nosis of LR was 2–6 years in the RT-TME group and 1.5 years in
the TME  group. Presacral recurrences were most common in
both groups, and occurred more  often after abdominoperineal
resections. Receipt of RT reduced the rates of anastomotic
LR significantly, except when distal margins after low ante-
rior resection were <5 mm.  LR rates were high even among
those with a negative CRM after surgery. Presacral and lat-
eral LRs resulted in a poor prognosis, in contrast to anterior
or anastomotic LRs with a relatively good prognosis. The rate
of anastomotic recurrence at 5 years was higher among those
who  received TME  only (2.7% vs. 0.7% RT + TME, P = 0.003).

To assess if local recurrence was related to differences
in tumor biology, tumors were considered as one of two
hypothetical types: high risk, i.e., stage IV, T4 N2, or T3-
T4 with positive CRM; or low risk, i.e., all other patients.
Among the high-risk patients, LR rates were unacceptably
high in both treatment groups, being 17.0% in the short-
course RT + TME  group and 24.6% in the TME-only group. For
the low-risk group (48 of 114 recurrences, or 42%), the LR
rate at 5 years was 5.1% versus 21% for the high-risk group
(P ≤ 0.001).

To summarize, receipt of short-course RT reduced LR in
all locations, prevented anastomotic failure, and reduced
recurrences caused by a narrow distal resection margin.
Abdominoperineal resection mainly resulted in presacral local
recurrences; even after resection with a negative circumfer-
ential resection margin, local relapse rate was high. Further,
suboptimal selection and the inclusion of many  ‘advanced’
tumors in the TME  trial are likely to have affected these results.

With regard to salvage therapy, short-course RT can be use-
ful for residual disease after surgery, but is often less effective
for large disease volumes.57 Predictors of success after salvage
surgery vary considerably among studies.59–62 In any event,

the development of distant disease after therapy for locally
advanced rectal cancer is common, and indeed more  patients
are likely to die of complications from distant disease.
2.8.  Biologically  equivalent  doses

The biologically equivalent dose of short-course RT, i.e., 5
fractions of 5-Gy each, can be derived from the following
formula63:

BED = Nd(1 + d/  ̨ −  ̌ − K(T − TDELAY ))

For late-reacting tissues, for which ˛/  ̌ = 3 and K = 0:

BED = 5 × 5(1 + 5/3) = 50 Gy

The equivalent dose for conventionally fractionated RT would
be:

BED2 = N × 2(1 + 2/3) = 25 × 8/3 = N × 2 × 5/3,

where N equals approximately 20 sessions.
Thus, this hypofractionated short-course regimen is bio-

logically equivalent to a conventionally fractionated 40 Gy
regimen. If acute effects for an ˛/  ̌ ratio of 10 Gy are consid-
ered, the final result would be 37.5 Gy.

2.9.  Determining  clinical  tumor  volumes

The radiation volumes to be treated in short-course RT are the
standard rectal-tumor volumes, with accommodations made
for the reproducibility of patient positioning.64 The mesorec-
tal and the posterior pelvic subsites should be included in the
clinical target volume (CTV). Inclusion of the inferior pelvic
subsite should be considered only if a sphincter-saving pro-
cedure is intended and the tumor is <6 cm from the anal
margin, or when the tumor invades the anal sphincter and
necessitates an abdominoperineal resection. Some investiga-
tors propose routine inclusion of the bilateral pelvic lymph
nodes as well. The obturator nodes can be omitted only if the
tumor is >10 cm from the anal margin. This includes the exter-
nal iliac lymph nodes if there is an anterior organ involvement
and the inguinal lymph nodes if the lower third of the vagina is

involved. Some authors recommend lowering the upper mar-
gin, particularly for patients with N0 disease.65

To facilitate contouring of the treatment areas, the
use of three reference points is mandatory: the proximal

dx.doi.org/10.1016/j.rpor.2014.06.003
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Fig. 1 – Axial CT scan of a patient with rectal cancer. The
red arrow indicates the proximal mesorectum, to be used
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Fig. 3 – Axial CT scan, with the red arrow indicating the
obturator artery, to be used as a reference point when
s one of three reference points for contouring the tumor.

esorectum (Fig. 1), the distal mesorectum at the insertion
f the levator ani (Fig. 2), and the obturator artery (Fig. 3).

.10.  Dose–volume  histogram  limits

n our experience,66 low toxicity has been observed when the
ollowing dose limits for critical organs are used: no more  than
2.3 Gy to 150 cm3 of the small bowel; no more  than 15–18 Gy to
he femoral head; and no more  than 15 Gy to <50% of the blad-
er. Although dose limits for treating cancer of the prostate
r pancreas may also be useful, we were unable to find other
ublished dose limits for this technique.

.11.  Contributions  of  diagnostic  imaging
eliable preoperative imaging is essential for disease stag-
ng and choice of treatment based on risk of LR. MRI  can

ig. 2 – Coronal CT scan of a patient with rectal cancer, with
he red arrow indicating the insertion of the levator ani at
he distal mesorectum, to be used as a reference point
hen contouring rectal tumors.
contouring rectal tumors.

visualize the depth of the tumor, its relation to the CRM,
and, to some extent, lymph node involvement. The MER-
CURY study (“Magnetic Resonance Imaging and Rectal Cancer
European Equivalence”)67 compared the use of MRI, com-
puted tomography (CT), and histopathologic analysis for the
preoperative staging of tumors. In one such analysis of extra-
mural tumor depth and spread, the authors concluded that MR
and histologic assessments of tumor spread were considered
equivalent to within 0.5 mm.  In another multicenter study,68

high-resolution MRI was found to accurately predict involve-
ment versus no involvement of surgical resection margins
and, hence, the potential for a failure of surgery or curative
resection, respectively. These findings would also be helpful in
selection of patients for preoperative treatment with RT versus
chemoradiation.69

Members of the Dutch Colorectal Cancer Group clas-
sified risk of LR in their study of MRI-based staging as
follows: Low-risk, CRM > 2 mm and N0 status; intermediate
risk; and high-risk (close or involved CRM, N2 status, or dis-
tal tumors). This classification was then used to choose the
treatment approach as follows: low-risk, TME  or total excision;
intermediate risk, short-course RT with TME; and high-risk,
conventional long-course chemoradiation followed by surgery
6 weeks later.7 These investigators concluded that linking the
imaging technology with the choice of therapy means that
LR is no longer the main problem in treatment of locally
advanced rectal cancer, but rather that it is early diagnosis
and treatment, reducing treatment morbidity, and preventing
metastatic disease that become major challenges.9

2.12.  What  is  the  optimal  timing  for  surgery  after
neoadjuvant  therapy?

Regardless of whether the neoadjuvant treatment is RT or
chemoradiation, the question of what is the optimal inter-
val between surgery after neoadjuvant therapy is still hotly
debated. Theoretically, giving RT in larger fractions over a

shorter period could result in more  late side effects than a
conventional, more  protracted course of RT. A Dutch group70

recently reported an analysis of whether the interval between
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preoperative radiotherapy and surgery influences postopera-
tive mortality and recurrence for two groups, the first being
the patients who  received RT in the Dutch TME trial (n = 642)
and the second (the verification set) all patients receiving
short-course RT for resectable rectal cancer in two radiothe-
rapy clinics in The Netherlands (n = 600). Endpoints were OS,
disease-free survival, LR-free survival and non-cancer-related
survival. The results showed that patients in the TME  trial aged
≥75 years had worse OS and non-cancer-related survival when
the surgery took place 4–7 days after the last RT fraction as
compared with 0–3 days. No differences in survival between
the interval groups were found in the verification set, lead-
ing the investigators to conclude that an interval of 7 days is
acceptable, but longer intervals should be avoided.

Another trial addressing the question of the optimum inter-
val between RT and surgery with regard to both toxicity and
pathologic response was the Stockholm III study,71 which
compared complications after short-course RT and surgery
given to 303 patients in one of three schedules: short-course
RT (25 Gy in 5-Gy fractions) followed by surgery within 1 week
(group 1); short-course RT to (25 Gy in 5-Gy fractions) fol-
lowed by surgery 4–8 weeks later (group 2); or longer-course RT
(50 Gy in 25 2-Gy fractions) followed by surgery 4–8 weeks later
(group 3). Preliminary findings from that study showed that
8 patients (2.6%) developed radiation-induced acute toxicity
and no differences were found among groups in postopera-
tive complication rates (46.6% in group 1, 40% in group 2,
32% in group 3, P = 0.164). However, postoperative complica-
tion rates were the highest for patients undergoing surgery
within 11–17 days after the start of RT (P = 0.036); patients who
had surgery 3–5 days after beginning RT had fewer complica-
tions. This latter finding was also true of the Dutch experience
for patients older than 60 years.33 A more  definitive answer to
this question awaits mature follow-up from the Stockholm III
trial. In the meantime, for practical purposes, surgery is rec-
ommended to take place either within about 5 days after the
last RT fraction or be delayed for 4 weeks or more.

A slightly different question is the effect of RT-to-surgery
interval for patients with high-risk rectal cancer who are
not candidates for chemoradiation. A group in Leeds (UK)72

retrospectively evaluated the use of short-course RT fol-
lowed by delayed surgery for patients for whom conventional
chemoradiation was indicated but who  could not tolerate
chemotherapy because of advanced age, poor performance
status, or the presence of comorbid conditions. Of the 43
patients (mean age 82 years) selected for short-course RT and
delayed surgery, 41 had RT and 26 of those 41 went on to
have surgery at a median 8 weeks later. R0 was obtained in 22
patients, and R1 and R2 in 2 patients each. The treatment was
relatively well tolerated, with two patients requiring hospital-
ization for diarrhea and one experiencing delayed small-bowel
toxicity attributable to RT. At a mean follow-up interval of
18 months, no LRs were noted in the R0 and R1 groups. The
mean OS time for the entire group was 23 months, but 44
months for patients who  underwent surgery. The authors
concluded that these findings confirm those of Radu et al.,73
described below, and indicate that short-course RT, followed
6–8 weeks later by surgery, can be considered as an option
for downstaging tumors when preoperative chemoradiation is
contraindicated.
adiotherapy 2 0 ( 2 0 1 5 ) 1–11

Increase in OS owing to improvements in chemotherapy
in recent years have led to surgery being considered even for
patients with disseminated disease.

In a retrospective study of 46 patients with non-resectable
rectal cancer treated in 2002–2005 reported by Radu et al.,73

Group A (mean age 79 years) had no metastases (T4NXM0),
whereas Groups B + C had metastases (T4NXM1). Patients in
group B (mean age 76 years) had predominantly locoregional
disease and were not candidates for chemoradiation because
of age or comorbid conditions; those patients received short-
course RT followed by surgery after 4–8 weeks. For group C
(mean age 63 years), long-course chemoradiation was given
with the intent to perform surgery of both primary and sec-
ondary tumors if sufficient regression was seen at 4–8 weeks
after the chemoradiation. The short-course treatment was
well tolerated by most patients, with only 3 instances of grade
4 diarrhea. One patient in group C died of sepsis with fever and
neutropenia. All patients underwent delayed surgery. R0 + R1

was obtained in 22 patients in group A (92%), 4 in group B (44%),
and 6 in group C (46%). Pathologic complete response was seen
in 4 patients, 2 in group (A) and 2 in group (C). There were
no postoperative deaths. The authors of this study concluded
that short-course RT followed immediately by surgery tended
to result in more  postoperative complications than the other
regimens, but the increase in risk was mainly among patients
who had surgery more  than 10 days after the start of RT.

3.  Conclusions

Our conclusions from this review are as follows. First, short-
course RT can be considered a standard treatment option
for intermediate-risk locally advanced rectal tumors. Its abil-
ity to control LR does not seem to be different from that of
conventional long-course chemoradiation therapy, although
the latter may be associated with greater toxicity. Patients
being considered for short-course RT should be evaluated with
MRI, with or without endorectal ultrasonography, to deter-
mine their eligibility for this form of treatment. Short-course
RT seems to produce the best results for tumors that are
≥5 cm from the anal margin, have uninvolved CRMs, and
present with ≤4 involved lymph nodes. The best interval
between short-course RT and surgery is still not clear, but
current results suggest that surgery should be done either
within 5 days after the initiation of SCRT or 4 weeks after-
wards. Because evidence of tumor downstaging is usually not
present when short-course RT is followed closely by surgery, it
is useful to compare findings from imaging with findings from
pathologic evaluations. When short-course RT is being consid-
ered for patients with disseminated disease, CRM involvement
must be considered before choosing between immediate or
delayed surgery. Radiation volumes to be used for SCRT are
no different from those used for conventional RT. In elderly
patients, short-course RT followed immediately by surgery
can prevent some of the morbidity associated with more
aggressive treatments, and the current short-term experience

suggests that this approach can produce good results. The pos-
sibility of sequential administration of short-course RT and
new, more  active drugs for rectal cancer opens new opportu-
nities for the application of short-course RT. Finally, from a

dx.doi.org/10.1016/j.rpor.2014.06.003


nd ra

p
c
a

C

N

F

N

r

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

reports of practical oncology a

ractical standpoint, short-course RT is less expensive than
onventional long-course chemoradiation and thus may have

 lower cost-benefit ratio.
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